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SI4ARY

The Naval Air Development Center (NAVAIRDEVC EN) is supporting the

Naval Air System CoIIand (HAVAIR) (AIR-5301) in the development of

computer aided tactical performance plots for inclusion in Navy and

Marine Helo Tactical Manuals. As part of this effort,/computer programs

A-h e-been deveoped which are capable of analyzing the flight performance

.5 of typical helicopter configurations. Areas of flight performance

include specific excess power, sustained and instantaneous turn rate,

and maneuver capability. -' -- -

These programs were written in FORTRAN and use three(.upporting

subroutines. This report describes the analytical development and logic

:"" development for the programs. In addition, it includes a user description

and complete listing.
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INTRODUCTION

In support of the tactical manual effort sponsored by the Naval

Air Systems Command (AIR-5301), a methodology for predicting selected

helicopter performance capability was developed by the Naval Air

Development Center (6051). Performance itens considered include

specific excess power, sustained and instantaneous turn rate, and

maneuver capability.

The programs discussed in this report utilize power required and

power available tabular input along with other geometric and physical

scalar input (e.g., rotor disk area and tip speed) to compute perform-

ance by means of the appropriate equation of motion. The output may be

directly presented in numerical form; if desired, tactical manual plots

can be created by the use of available plotting software.

"29
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DISCUSSION

THEORETICAL DEVELOPMENT

The computer programs described in this report provide a rapid,

flexible and accurate means to generate tabular and graphical data

expressing several important parameters which measure helicopter per-

formance capability. The programs accept a common input format by which

"* any conventional helicopter can be fully described through scalar

namelist parameters and tabular data of power available and nondimen-

sional power required. The programs exist as four separate routines

which calculate performance data as follows:

Program #1: PSHELO - specific excess power as a function of

load factor, calibrated airspeed and

altitude

Program #2: SUSTURN - maximum sustained turn rate as a function

of calibrated airspeed and altitude

Program #3: INSTURN - maximum instantaneous turn rate as a

function of calibrated airspeed and

*' altitude

Program #4: MANEUV - specific excess power, load factor and

turn radius as a function of ambient

condition, calibrated airspeed and

altitude

A derivation and description of the equations used in each of the

four routines follows.

10
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SPECIFIC EXCESS POWER

Specific excess power (Ps) is intended as a measurement criterion

for comparing relative performance capability throughout the speed-

altitude envelope for any two helicopters. It is specifically a measure

of the power available for maneuvering over and above that used to main-

tamn level flight and can be expressed as shown in equation (1).

" (Psupplied by engine - Prequired) (ft/min) (i)
S Gross Weight

In relating the quantity PS to performance, the specific energy is first

derived from the total energy at a point in velocity-altitude space,

equation (2).
2 2i! E- + 2 + 2(2)

The specific energy or energy height is then:

h E V2
hhe  h+ + - (3)

Gg 2GW

Specific excess power is the time rate of change of specific energy,

which yields equation (4).

F:_~ ,S dh+V dV flidh + ''+ LO dt (4)
S dt g dt GW dt(4

where

E - total energy

h - altitude

h e - specific energy or energy height
t -time
V - true airspeed

g acceleration of gravity

I - rotor inertia

- rotor rotational speed

GW -helicopter gross weight

, , 11
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The above equations reveal that a given PS increment may contribute to a
dhV

rate of climb dh), level flight acceleration an increase in

rotor speed w dt or a change in the direction of the flight path.

The units of PS are distance/time, which for helicopter applications is

best suited by feet/minute.

The process of computing and plotting P5 as a function of airspeed

and altitude for each helicopter was based on determining power available,

subtracting from it the power required at a given airspeed and altitude,

and dividing by gross weight, as expressed by equation (5).

- .875 x (AHI) x x 33000

S GW

where

.875 - empirical climb factor

AHP - power available minus power required

-.- mechanical efficiency - 0.9

33000 - 33000 foot-lbs/ainute/horsepower conversion factor

GW helicopter gross weight

P yields accurate values for the rate of climb for speeds above
S

approximately 60 knots; however, for speeds below 60 knots, the actual

rate of climb is somewhat greater than the computed PS value. This is

not reflected in the equation because of the use of a constant as

opposed to a variable empirical climb factor.

The computational process is carried out using nondimensional

forms of power required and power available. Nondimensional power

required, or power coefficient (Ce) is found as a function of thrust

coefficient (CT ) and advance ratio (1) for most existing helicopters.

Thrust coefficient and advance ratio are defined by the following two

expressions:

12
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n .W  (1.689 )VT
TV2aP (6)T PA VTIP 
VTIP

where

n - load factor (g)

A - rotor disk area (ft )

. VTIP - rotor tip speed (ft/second)

VT = true airspeed (knots)

(also, CT is defined as CT when n l.Og)
0

Engine power available at IRP is given as a function of outside air

temperature (OAT) and altitude. Power is nondlmensionalized using

equation (7)

SHiP x 550 (7)
A V

TIP

where SHP can be either power required or power available. PS, based on

the nondimensional coefficients Cp , C and C is then found

from equation (8).

4 .875 x (C - Cp )x 60 x Mx VTIP 47 .25 x ACp x VTIp" avail req _ CT_(8)

SCT CT
0 0

To further explain the procedure by which PS is calculated, we

begin by determining the power available for a given flight condition

(airspeed, altitude). Shaft horsepower available can be input as a

function of altitude and ambient temperature, expressed by equation (9).

SIP - fCh,T), (9)

or as a function of ambient temperature and altitude:

13
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SHP - f(T,h) (10)

or the percent torque available may be supplied, where shaft horsepower

is the percent torque times shaft horsepower at 100% torque. If the

power available data supplies percent torque, a factor for horsepower

per percent of torque (FORTRAN name TORFAC) and a maxlm= torque limit

(FORTRAN name XNSN) if other than 100% must be input. The relationship

of TORFAC and XMSN is such that TORFAC times XMSN yields the transmission

limit in shaft horsepower. If the transmission limit is known, this may

be input (FORTRAN name PLIMIT).

A velocity correction in the power available due to ram effects may

be applied. The correction can be linear:

S HPSxC1 xVT (11)

or exponential,

-" ~(C 3 x VT) (2SHP =SHIP x C 2 x • C xVT (12)

where C1, C2 and C3 are input constants (FORTRAN names DELHP, mAN,

TCHAR). The resulting shaft horsepower available is converted to

coefficient form incorporating the effect of altitude through the factor

p, air density, in equation (13).

r'. Cp = SHP x 550 (3
SE~x55O(13)

avail PA VTI3

The next major step is to determine the power required. This is

found in coefficient form as a function of either advance ratio and

thrust coefficient:

c = f(u, CT) (14)
req

or as a function of thrust coefficient and advance ratio:

Cp - f(CT, ) (.15)
req

14
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If Cp = f(', CT) then an input switch (FORTRAN name HUCTSW) is set
,.: req

equal to 1, and if C, - f(CTj) the switch is set equal to 0.
req

Recalling that PS is presented as a function of airspeed and altitude,

at this point it is noted that advance ratio is a function of speed,

and CT is a function of density p which incorporates the effect of

altitude. Hence, we can represent this dependence as follows:

Ii-f( -~CP f(Pa CT) P - f (C P C T) - P~ f (V Th) (16)

CT f(h))

arriving at the final result of specific excess power as a function

of airspeed and altitude-which is ultimately plotted.

An incremental drag correction can be made to the power required

coefficient using an incremental equivalent flat plate area in the

last term in equation (17).

AF x P.C C xxr f (17)
-req req M P

Acceptable values for mechanical efficiency, n (FORTRAN name ETAM)

and propulsive efficiency, np (FORTRAN name ETAP) are 0.9 and 0.8,

respectively. Incremental flat plate area (FORTRAN name DELFE) is used

to adjust helicopter drag for variations in weapons loadings.

Specific excess power performance plots can be generated for

various load factors. This is done by inputting the desired load

factor, n (FORTRAN name GFAC) which is then used in the calculation

of the thrust coefficient, CT.

15
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SUSTAINED TURN RATE

The equation used to compute turn rate is based on the point mass

*: equation, and is a function of load factor, airspeed, and flight path

angle, as expressed in equation (18).

- VCos y (18)

where

4 * turn rate (radians/second)

n - load factor (g)

y - flight path angle (radians)

"' V = true airspeed (feet/second)

Using the small angle assumption that y - 0, the following classical

relationship results in equation (19).

. V

Computations require that be in units of degrees/second, and V in

knots. With appropriate conversion factors inserted, the turn rate

equation becomes that shown in equation (20).

321 x 1 1I 180J-
. 68 x (-) - 1091.4388 x -(20)

V T (1. 6897) V T

where V T true airspeed in knots.

To arrive at maximum sustained turn rate at any point within the

flight envelope, power required is set equal to power available:

Creq CPavail

Having CP and the advance ratio 0 for a given airspeed, the thrust
req

coefficient CT is read from the input helicopter performance data, as

expressed by equation (20).

16
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C - f(Cp, (20)

The sustained load factor is the thrust divided by the weight, equation

(21),

CTx TIP (21)
GW

Finally, the sustained turn rate for a given airspeed and altitude using

the sustained load factor is found from the turn rate equation (20).

MAXIMUM INSTANTANEOUS TURN RATE

Max:mm instantaneous turn rate is derived from the maximum amount

of thrust which the rotor system can attain on a transient or nonsustained

basis. Maximum thrust (or rotor limit) for a given helicopter can be

expressed by the quantity in equation (22).

2 Cmax- f(01) 
(22)

a
where

C - maximum thrust coefficient
Tmax bc

a - rotor solidity - R
b - number of blades

c - blade chord bx

R - rotor radius

This quantity is approximate since blade stall is gradual, and its

occurrence is affected by the direction of turn as well as airspeed. The

program INSTURN requires C (FORTRAN name CTMAX) to be input, where

TT
C T  is either known explicitly or can be solved for from the expression

2 CT 2 CT
max aa Either CT or - are known or estimated for most existing

helicopters.

17
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Having CT and using the following relation in equation (23),

P A TPa Tx-. AVTIP2 C

n - GW (23)

the maximum instantaneous load factor is computed at any point in the

flight envelope. The final step yields the turn rate as a function of

true airspeed and load factor (which incorporates the effect of altitude

using p) using the turn rate equation (20) derived in the section on

sustained turn rate.

As airspeed approaches zero, turn rate values become unrealistically

large. It becomes necessary to specify a maximum turn rate attainable

at zero airspeed in degrees per second (FORTRAN name TRVO), either due

to control limitations, a handling qualities limit determined in test-

ing, some value based on vehicle similarities or other reasonable assump-

tions. A second value required to define the maximum instantaneous turn

rate versus airspeed curve is the break velocity (TORTRAN name VB). The

break velocity, usually between 50 and 80 knots, is the lowest airspeed
for which the instantaneous turn rate is calculated. Below the break

velocity, an internal curve-fitting routine blends the calculated turn

rate curve from the break velocity to the maximum instantaneous turn

rate value (TRV0) at zero airspeed.

MANEUVER CAPABILITY

Two previous programs computed specific excess power (Ps) at
selected load factors and maximum sustained turn rate over the heli-

copter's entire airspeed-altitude envelope. By introducing the param-

eters PS and turn rate into one graph at one ambient condition (fixed

altitude and temperature), the resultant capability for a specified

S.airspeed and selected turn radius can be shown. The maneuver capability

graph is plotted against calibrated airspeed in knots and turn rate in

degrees per second.

18
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Lines of constant radius for 500, 1000, 1500 and 2000 feet are

projected on the airspeed-turn rate graph according to the geometrical

relation, equation (24).

V (24)IR
For R in feet, VT in knots true airspeed and 4 in degrees per second,

the relation becomes that shown in equation (25).

V
96.7726 x RT (25)

and for calibrated airspeed in knots, VT is replaced by Vc/ cyd where

is the density ratio at the selected ambient condition so that the final

expression equation (26) is

V
* - 96.7726 x1 (26)

Lines of constant load factor are plotted against airspeed and turn

rate, and also result from the geometrical relation of equation (20).

" - 1091.4388 x " -V(eg/sec) (20)
V VT

Using calibrated airspeed, this becomes that shown in equation (27).

- 1091.4388 x (deg/sec) (27)V C

Superimposed over turn radius and load factor lines are the specific

excess power curves of a particular helicopter. The construction of

-* these curves begins with expressing load factor as a function of turn

rate, as shown in equation (28).

2
m-n + 1 (28)

19
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This defines a load factor for each value of turn rate and airspeed.

This load factor defines a thrust coefficient and the airspeed defines

an advance ratio which yield a power required coefficient read from the

helicopter performauee data. Specific excess power is determined from

the power required and power available coefficients shown earlier in

equation (8).

An additional line generated by the Maneuver Capability program

is the rotor limit line, based on the CT value input for each
.. max

particular helicopter. The rotor limit line is parallel to the lines

of constant load factor.

The main program logic, which illustrates how the above equations

are implemented, is presented in Appendix C.

PROGRAM DESCRIPTION

In addition to the main programs, which perform the computations on

the dynamic equations, there are three supporting subroutines, as

described below.

GREAD/TLOOK - This is a three degree-of-freedom interpolation

routine and has two modes of operation. In the first mode, table data

representing power required and available characteristics are input and

stored. Each table is assigned a predetermined reference number. In

the second mode, table data are interpolated and extrapolated by employing

the function SPLIER for use in the dynamic calculations. A more detailed

explanation of this routine can be found in reference (a).

*SPLI4R - This function is used to interpolate or extrapolate two-

dimensional data. The interpolation is calculated using a local curve

fit scheme described in reference (bi. Linear extrapolations are made

using each end point slope of the local curve fit.

20
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ATHOS - This is an atmosphere table which returns properties of

density, pressure, temperature, and sound velocity for an input altitude

and atmosphere code (i.e., 1 = standard, 2 = hot day, 3 = tropical day).

The data required for the program consist of a series of single-
value fixed inputs and multiple-valued tabular inputs. The form of

the computer data deck necessary to make a run is presented in Figure 1.

The tabular data include:

* - Power available as a function of altitude and ambient

temperature (see Figure 2).

or:

- Percent torque available as a function of ambient temperature

and altitude (see Figure 3).

- Power required coefficient as a function of thrust coefficient

and advance ratio. This table is used in the specific excess

power and maneuver programs (see Figures 4 and 5).

- Thrust coefficient as a function of power required coefficient

and advance ratio. This table is used in the sustained turn

rate program (see Figure 6).

It should be noted that none of the above tabular inputs are required

for the instantaneous turn rate program.

The fixed inputs consist of helicopter size and mass data, ambient

conditions, efficiencies, and program switches which regulate the

options available to the user. Table I contains a scalar input variable

list.

21
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Table Reference No. 10
SHP =f (h, T)

SHP
Power
Available

T (OC)

h (ft)

FIGURE 2. Power Available Tabular Input

23
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Table Reference No. 10
SQ= f (T, h)

* Q
Torque
Avai labl,

h (ft)

T (C)

L-'.

FIGURE 3. Torque Available Tabular Input

24
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Table Reference No. 9
Cp f (C T' u)

Cp
Power
Required
Coeffi cien

CT

FIGURE 4. Power Required Coefficient Tabular Itiput, MUCTSW *0

25
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Table Reference No. 9
=f (u-. CT)

Cp
Power
Required
Coefficleni

CT

FIGURE 5. Power Required Coefficient Tabular Input, MUCTSW ji0

26
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Table Reference No. 11
CT f (Ci, q

CT
Thrust
Coeffi ci en

* Cp

FIGURE 6. Thrust Coefficient Tabular Input

27
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TABLE I. SCALAR INPUT VARIABLE LIST

Variable Default
Name Description Units Value

ADISK Rotor Disk Area ft2

ALTO Maneuver Altitude ft 0.0
ALTI Initial Matrix Altitude ft 0.0
CASI Initial Matrix Calibrated Airspeed knots 0.0
CTMAX Maximum Thrust Coefficient (used for

instantaneous j and maneuver)
DELCAS Calibrated Airspeed Matrix Increment knots
DELFE Equivalent Flat Plate Area Increment ft2  0.0
DELPH Linear Velocity Correction Power

Constant SHP 0.0
DELTALT Altitude Matrix Increment ft -
DELTRT Turn Rate Matrix Increment deg/sec -
ETAM Mechanical Efficiency 1.0
ETAP Propulsive Efficiency 1.0
GFAC Load Factor g is -
IPRINT If # 0, diagnostics will be printed - 0.0
KATMOS If # 1, standard day atmospheric

properties; if = 2, hot day; if =3,
tropical day - -

UCTSW If = 0, Cp = f (CT, ) input; if # 0, 0.0Co - f (,, CT) input-0.

NALT NCber of Matrix Alttitudes - -
NCAS Number of Matrix Calibrated Airspeeds - -
NPRINT If # 0, tabular input will be printed - 0.0
NTRNRT Number of Matrix Turn Rates deg/sec
PLIMIT Transmission Limit SHP 106
PSIMAX Maximum Sustained Turn Rate deg/sec 60.
TCHAR Exponential Velocity Correction

Characteristic 1.0
' TM Exponential Velocity Correction Mantissa l 0.0

;;' ' TOGW Helicopter Weight lb.
; ,'TORFAC Torque Scale Factor; if - 0, power

available input ft-lbf 0.0
- . TRVg Maximum Instantaneous Turn Rate deg/s c

VB When VCAs<VB, sustained i altered to
satisfy PSIMAX@ VCAS a 0 knots

VTIP Rotor Tip Speed ft/sec -
. XMSN PLIMIT/TORFAC, used when torque is

input 0.0

28o... .................
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Appendix A consists of a series of example cases which show how

each helicopter performance program is implemented. Reference (c)
should be consulted for information concerning the generation of the

tactical manual plots presented in this appendix. Appendix B contains

listings of the main performance source decks.

COMPUTATIONAL PROCEDURE

Initially, default conditions are set (e.g., rM -nP 1., (DELHP-0.),

then scalar and tabular input-previously described is loaded into the

programs. Scalar variables are input through the FORTRAN utility

NAMELIST and the tabular data is input through the subroutine TREAD.

Minimal tabular input for each program was discussed in the previous

section. The inputted scalar variables override the initial default

values. After the input has been stored, the programs enter an altitude

DO LOOP at statement #50 which concludes at statement #100. At the

beginning of this loop, altitude and temperature corrections are im-

plemented and the input data is adjusted accordingly. Nested in the

altitude loop is a velocity DO LOOP which begins at statement #60 and

concludes at statement #100 (statement #101 for the instantaneous turn

rate program). It is in this velocity loop that the helicopter PS or

is determined for each velocity-altitude matrix condition. After the

two main loops have been executed, the programs load the output matrix

on a file designated as TAPE6. This data is in TPLOT format and can be

directly plotted by utilizing the software described in reference (c).

Finally, the output matrix is loaded on a file designated as TAPE8 in a

format directly applicable to the tactical manual interface software.

The instantaneous turn rate program incorporates low speed turn rate

corrections to the output matrix before TAPE6 and TAPE8 files are

generated. The maneuver program is similar in context to the other

helicopter performance programs except that the main altitude DO LOOP

is replaced by a turn rate input loop.

29
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Representative cases showing the numerical and graphical output of

the specific excess power, sustained and instantaneous turn rate and

maneuver programs are presented. An example input deck, which is

compatible with all four performance cases, is displayed in Table AI.

The table section of this sample input is graphically illustrated in

Figures A-l, A-2, and A-3. Each program contains three output file

units. The file unit designated as TAPE 10 contains a detailed input

listing together with the output diagnostics (if selected by the

IPRINT and NPRINT options). The file unit designated as TAPE 6 contains

tabulated output in a format directly usable to the graphics package

described in reference (c). The file unit designated as TAPE 8 contains

the tabulated matrix output which forms the basis of the tactical manual

plots. TAPE 8 data has to be transmuted by preprocessing software

before the graphics routines of reference (c) can be applied to create

the tactical manual plots. The nature of this intermediate software

will be discussed in a future publication. The remaining figures and

tables in this appendix present examples of some of these output files

for each performance program along with a sample tactical manual plot.

In addition to the above output, the specific excess power program

creates a file unit designated as TAPE 3 which contains the flight

envelope data displayed in the instantaneous turn rate tactical manual

plot. Finally, the capability to portray comparative plots between two

separate helicopters is available in the previously mentioned intermediate

software.

Reference (d) should be consulted for tactical manual applications

involving existing helicopter weapon systems.

A-3



NADC-821 36-60

.t 4b

*( w 0 , C

0 W q V 00 0 40
M:3 a. 8- 00 0 , 0 0 0
0 Oq 0L 0 0000 000000

X6.wM 0 00 000
-4LM LL 000 44 .n W M 6 0. n0

003~w0 af 0 F ,0 C 0 0 0
CW %8q4 4b C U )0 % 0 CU 4C0
OV&*o W QV'40V0 0 0 0 0 00 0C 0 Ph 0)0

-~~ ~( 036 ma I-0 q Q 0 0 0

"3 0X O00 IL 0000 CL 000000
w.L("4wwovw o w M4 C lo&') C o0

ME%-a CA- I-
NI NU =

40 ~ 00OJ000 =[U-LL LflO000 0. W00000
* CNi- C*OLCLC 0 N010400 Nw) 0.1000000

(.)q4Table Al. Sample~- Dat Input
.U'-eC')I 3 A.. 4i



_________________________. .__..__.__._.__. . . . .-

tIADC-821 36-60

CLu

In US

a. a a

FIGRE l.SamleSHPInut Grphial
* A-5



. . .- . . .

-.4

* -
NADC-821 36-60

S
"4S00

U S
S
0

0
S

0

S

= S
= S

0

3- 5
U

I..

6. 0.
0

w
a.. 

Y

x 0
w

U
0
0

0

0

0
-5

0 1* 0Lu 'S. 'SO 5
0 0 0 0 0 0 0 0

"4. 0 0 0 0 0 0
K

.11 0A.

j Gnu

FIGURE A2. Sample Cp Input (Graphical)
A-6

................ .



NADC-821 36-60

In

Cu

a-

xO

w

a

FIGREA3.SapleCTInpt Grahial

A-7,



NADC-821 36-60

t 1Um .!*m& .m...e -Ig

2v gw .0 f NONy~3

. . . m a .

M I IM M 
ftwv UU.. .......

0 0gave do woweve

p 3(e 3 6~ U .3 blow

TableUU An S al TAE Ma rxo t u (Ab ei ed

* E 3 U ~ rnes earn U ern eA -8



.- ,. .. . .

NADC-82136-60

mea

ii; ,. ..... o.

iru

r 111111111

b'" t • oo ""'WI ,

It

I. .-i, - , .-. 3.. ....

IIlt, hhhlii flJhItt, .iI.ii

Table AIII. Sample TAPElO Diagnostic Output (Abbreviated)
A-9

' . '% ",, ' " -, "" ". . ' " " . . ' '% ' ', ' : ' _. . ." .± " .a 
"

i 
:

.:: l 1 ' - • '



NADC-821 36-60

0

0

Le

FIGUR A4 apl0TctclMnulPo

0-1



'4' IIADC..Bk136-60

hD 0 10 ob u 0 MN 0 0

Sad U

FIUEA.SmliTP6P rspo
A-11



* **.'NADC-821 36-60

03

AC.

jig

* 03

A-1



-74 7

NADC-821 36-60

cu

0

a

w

A-13



NADC-821 36-60

1A

.- S.-

'10

13iJ 6" 1-3OflLIJW

FIGURE AS. Sample Instantaneous 4'Tactical Manual Plot

A-14



NADC-821366

0~

46 .1 - 0
- - - - la

RH
4040611ossel Mssa0 960000,0

FIGUE A9 Samle APE6Instntaeous Crosplo

A01



NAIDC-82J 36-60)

FIG /of I#
.0 10

/0 //,,Ie ,

40, 
f,~ /.

J00 , '0 ,~, / U

a*- .1 *0
d-a - o a , -o - o a o o a 40pk o

.op aw ab a~ O,,, a - lO 4o - 4o.oa* AOPdp 4

d~~~l 'o mo -

-
Popa-

400

FIGURE A10. Sample 8anetver Tactical M~an.., plot

A-16



". NADC-82136-60

0

[.'A.

K 0

0

I

a.a

- 0-

*I "

-A*1

,lu

-"S

"1f'3131flal 333,ln,.

-r

A-1

tC'S~4 e S'O



• ~ ~ ~ ~ ~ ~ ~ ~ ~ ., 7-- . . . . - • . . , . . . . . . . . .

MDC-82136-60

APPENDIX B

PROGRAM LISTINGS

Program Page No.

Specific Excess Power B-3

Sustained Turn Rate B-7

Instantaneous Turn Rate B-11

Maneuvering Capability B-15

..................
. .. . . . . . . .



NADC-82136-60

II

(THIS PAGE INTENTIONALLY LEFT BLANK)

B-2

a * * . % .. .



NADC-821 36-60

z

wU . I-"- ~ 0 LU
a. 0 m- * = 0Cc

I- CL- "J CL %

0 6- " %..2. em CL

C. WCK emiE U
I---; CL 0 o,4b F

I--% 0. > m "4: 1- I-'
em0 I- %CA 6- s

"4 w~- 0

<- C - 1=3cC 0 4 I-

* ~ I- .C em( * C>s-
w 3 CmI 0X b Cb

0-0. x .2016- c CD tjC
C 0 w 0O3 C>em o N 44D em C

CD 0Q 6-I- -W. K 0 0 (b1C 0
4b "4 4b % e bMe C 0em 0.. o.2

0. W C C>LL i I- %4q 0 - zo- 4 e
-4 C " 0-i co1- em "0 emQ V-4

e0 W m4 W 4*N.. La.. 0 CA
0 "-Qwf(h-I- N C M.0.- em q4#%C

F- MCCI-E- 3C v-41- W.JS-4 N F-"4 em
4b 0-S3 1mm.~-- em emO 4 LL W em. ZCt-

CL ZoZ" CL0. e Z Z> em 1-- LU Qm CL. gm V-o-

0 ZW4-CCWW 00.I-4C 0 "1J xE9- cow

W -* - 1- LU o--4..ZL em %% tN- LO 0 -~4-WOO
mZ ZZO- 0= C>X WmOCL-4 [- "4 EO-14"t) C

(hl %%~ - 4 m m #-Nb em Cm emU 4+ -4"ci*

0.10"1--t-CE- *mCx <C (AC i= L -4 El-,W em064 e O0
(n WN- o.:oee..JECL 0 0W X- n LL. U) e- 6- -- MI--C- I--

IX 0 0=0 . mC <mO.G -'0 "--C LUI-0CLUZ -i

LU 0O4 c4 "V4 V

B-3



NADC-821 36-60

zel

ce 001

x mewl

ftI- CL) I.% 0 -%

CL M 3 M C') CUI
CD 0. CV)L 9 ~

* -K -0 09 cu Q I--
< .cI U9 m- 4 )4 0 - ,s

CI- 94 C40 1 4 9
I-cu * 94 94 1- w- cml m N4(' I-4
I-SWi- * 4 0 I- (A WEQ E)-O)

4.4 0) 94 X .- U4 "P- 1-1-41-Nu'uCV
9C94L 94 K-. 9 4-4 w mm

'co-0.4 94 -- W-e C4 M U w4a "WOO-
I- I-(AU 94 Ua C 0-3 0.9L" I N c-lw.J..JU)

I-Js-9 C4 0 0 94 WU)mfxx oI-I-<

94 Il- 0L 3 i9 * -.. 94JJ

LL.~u4 9 La C 1-0% 94 01--'0XI-4 *ccL094
~~~~~~~c 94 * 0 XC * 9 ~ ) W 0'''

q4J~% 1-01L. 0 6-iW 94w4s.J0 *Z.-2Lflo * *.3

.. r c1-o N -W 94o aK9 0 -M 94 0U)UW94(3X331t
"Sjs941g- 94 U OWCO0. 4 -4CC *1Z ol0. U )o'
cl 00- 9 LL, U v * 9l0Z3'o'1--

~X000009 1I0.00-000 s0.-0e-.

B-4



NADC-821 36-60

044

CA..0
<C4

0.04
CO I--

0 C.4C

Ma 0"b" CO.

CL" 44 0.V4 %
CP-a. C.4.LL -U
W W0 V-4 r- Pl %P

CL *+94

oL -- 0<C=

*L C> ac (fo %%. .4"%
L 0%-" "CLL =we-.

00 oi-. 4* *4 *< %< t -C ft
=( o.30 "4 '4 1-%4wo 0

+4 CZ 94*- "of-
CP 0-,W "p4W 1---w 0%1. .4

*" 00 * C C 1 0 5C w4 Id a.JO O Lo 4
W (IO. .41-.W #*Q . 1- %V W

-4 ~0 "= l M0W C -1r(n 4W

0 C) CD~ "-I-Ge w w C c
~ U--4 . C W~ (f* c4

~ ZJO .4WW ..a'~ ~~~ow B-5.



K NADC-821 36-60

4 94
ofB*o" 4

U 4 W ML
0 WI -- WL

.4 ow
9*mz C

9* c w wo o " w
wo*

* me"
00

co Coc

* B-6



NADC-821 36-60

4%

Wt 0 La
0 * 6-40- 0

C W

* c afo. ct

CL X > I w 11- 0-Z@f '

C 0 %LL C - w 0i1
1-- 0 WCKX< C %

-4.- >- I- =II- * I-

CL C -tO 9 6

0. 0 c I- o

sc 0

I- *4wo3 uCL

4% N Q3-U'-tI---4
3 A 0 ftfCt =z c I w 6= -0

(h=UOXCIL =t-0 "0.1 .J
0. " CL 0 %= U =C *.. az

0: 6- 0 O L 0n..' N %-I lll-N% L c
0409.3(A03W - W 04 *Az w ft -,C

O --O'4WCWO N ftM o 0 v x~l- O

0 w ~ -N ~~ '43Wa - Nc CU*I- C f
%tuCK~f C4~ CA"i A W%- *-W %

0.%.fl.'OJW %.1- *$Z< -0 1-- C-M W

~ ZL~aC~.Q ~W A..J 'W A

~ ~ICWO~.-3 t S 3- *B-7f



NADC-821 36-60

C CA

lz CL
CA 0

P0 CLmC Ifi* zW 4I-

CP a. f"to .
QU)) - u -*2 . 0

A. 004 4* o 'W a)U- A. C' 00 - 04 j 6=
%W Co si. *m -$C- M a".- "I-

I-- 0) A. c .4 1 Q ** CV4 W -. 00-3

oi3W ft Iz .4 014 0 -0 #Ai .1
cU- 4 - 0 =- o. Q C .- I I* O -

U- * N 00U- 1- a.-00' .'-*AC *
S.'J &J - N .2C C--~s4 'U)~o

.4 C 0 C - .4 WOE CKIU-\ -

o.4- -C 0, Ks- . 0 -C-4 XmJQ-4j6W-A
Pic4 -OL, .4 -@PJ-0 *4.~. 0 *Jojiw4

U.~ bd W. O -Im - m 8nI L.4X CII(W 14C v4#.4C' s O
0 %W4 0L W= 0 - CL .4 C"'U)C03 *4Qdf% 0 0'

-XCA C bU-olm C-0.0 0 oC I-A. *s-. o
I-o oW 9* 1O-- m. .4 W al W ~ -

"4c *E .4 iO"C"CL-W a W aI-*0*
%. 0A C" IZ- "M 0.-.0- U C a ' M"CLCM 11-4-9* *)-oi*l. -0 O-U -9*~ O
I-oW 44 "0E0.4 0 -3 .4 00-4U)W940 Ws-.O

s-IEU-~ ~ ~ ~~~L .4 C O W A 4 s4%.' n'.U*.UU

CU'. N Is Ss-~O.J *00 .0 U)Z~i., .. J

* s-e~u 9 ~U-U-OU)-Z~u .4 B- C-C .~U~U



NADC-82136-60

SU
- IA

0) I
a,

-2'- - UC

I-CC
I-- X) 0 --

I UW 94W 0-C cc0e
wr C MCC fCk *4""m

LL. 00t'.

M 1 - C C hI- Cv)U C4
C 0. * C .2- 0w OD "CV - -

C1.4" 0 d c.W I- I'.6vci*- Xe -0 . % C0 -- - CA
940 - 1- 6-

n CO 1.4 C 100 IZz 10 X X" l

CA L.0 0 CA40 Ul(h ( C0 94 %44 '

0~~4DJ WO-O 2C U4b4*-416
C *XO 4E0 4 0 <c-1 "4 C ow V4I-- "Ot4 941.610 '.0 941

94 00 %W 44 '40 94-4o 04
cr. w 'v'Xf I Cs- ('IOA * 4>Un- '

94 0 o 2X- IL *.a *1- 1400

0U. CA . LLX AW 0e LL L LCa * .WMMW 0

X4 L6-0 Q u C (A CCCO 9L 1-* X1.4X1. I-

~~~~~~M 4-O I~16 ~ 14* 91-I Ge' V * * ..

U) U)I~a.0 *WW W~m4W B 941C Z* 0 C



NADC-821 36-60

4M.

.4Lai
cc.
Ul.4.4

CA.
'(c.

Mae"p .4."
"C4.Co
.4.4X-(

CA c.4cc
.4.44c

w % 4.4 d a

0 ~ .4.
cu .4.4

ou co. coca
0044

* .4 B40 *



NADC-821 36-60

LLI 1--

C. W'4 " ft
c %n I-AC
F-- l- ft" 0 0>

ei IL w. % I--

% CLAOZO Ca
C. *V OC(AI- w0 4% F-

I- * ftU.C -3 *L

* ' 00** '4x I-

I. c cul-l- * 1- to
z 1- 1-4 (A '4' N

X *"=LLI
-n OJ.* a J

W& *c fm - 0 '4- Ic
0.~ 0093~~

IL -WICCCCL 0. N 4

*AA.0-.J X %azf =' -0

IN C %I - "s W4I-WW4 N I-~w V-f
C. I-. " %-m .- a z ft -%LA. % EC-

Z Z *@CCL ft Wt-o.JCIW--

Cm 0.44w.W ft1 ft *: C. WZ
M Z=OlCCCI %..JA..-. 0 "1 xf- *'4(

~~~~ a.S-~0. c ~Cw w t- * C
I- I-1IX - WX f- -%I- L. 0 .'4-woo
CAl ZZQCll%0Q9C C>W.-X 1[- 0 ~i4Z NZ C

Z~I ~ ~** C * *C - 14100t 00%=0

~COftJ, * *ZC .'0 "'-oC W3 -0.CWZ aJ--
OWEWUW4E-ECCCIOE wE-

~~QUl'4C U =
Z~CO0.4 -4cI-.hCCCLI0WCm&v --

ZO3-.~ ~ .00e~3 10 Croc

~ '4 W'OJC')11



NADC-821 36-60

cu

In

gn

CU -
z<

U) WO

4b

0- %up 00 w
V41- --

a0 W4~ CA
CAe- 1e Cm)U

w a ft CA 0 of
c3 jJ CA- 4

4X t>C

3mw ') U)h" U - 4 fl

~~'~ 4-g- xwh f 4.) C DC6. Icb

.. I C 31N 0.( )I 4 6 6

110 -0 440 04 OR ON, -cc 4 L

* ~- M )ac .*.- -L "V 0I I 0 *w 4* ~ ~ %' U-W -bX.'~ 3IW e ..1 1%J *0 Uw' x

(U M W~~~ 4i * 1-3m %)) ) C C C 0 U u

Uu n 44,ma. I-$-S ='- 1- UW %).fe w*

C ) C C CL11C . 40 w>O'4q00 0q I-,o c'

B- 12



MADC-821 36-60

*A 0

-f -30U
%9. - CC U) o

4c"~C 0 q4 b

aI- .W cc,,-
cc-% LL. PJ Oc

S., .4- OC. * I-
+ W4" "O 4- .4 W4 s. I- W4

I.0. - o e we e -- f-
"C I.-I Y1r- 0%

- .wU) C "Me -0 q4eO41_
wq"2 C~L 0 -- V -4I %0%CI- j 0f
+-I W . C M 440s~ %W C %

won U)WXi .4 1-I-C 00s C.(D 11
Ca0 -C I-- "4Q OsC 46CA IX "0- sC

I- - A ( %- Cc~c"mi - .4
XXmC.O....2OC .4I 0 *11- #60 (5 h V b O0- 'no

~ .40 s-e o sWsW -%Vs W s444

~cc'4Qxzo00-I- .4WW c Im. =I 1.=I- c cut-C 11-I-C
==== "OW I-0 "w1.4 ae 1-40~ 0a0 1- 0 Ce -4c~crcrcV.04s-&Ch0 ** .0" cm3La.mo 3Ih. a

00000 0 0

B-13



NADC-821 36-60

.4.b

.4.b

4b 4~got
.4IWO
.4.4-

.4LA.4IJ o

.4.4
*4.4C
.46.f

J. .4CA
.4.4

.44.4W 4
.4WOO

Oftdo.
.4.4joLf

W40 a . W. =4

"Wmwo" W

0

~B-1



NADC-821 36-60

z
at

w 1-"4ZILC. LA ft .cc I

0. z 911- *4..E 0 z - C-

U.- *.C0.O 3c W WW-
c *Ia.>U-3- a 0 U- "

I- OsCe01 %W( * ge 2 .

Z% IU~-- - 4
CL S'.4%JW I- m4Jm

W~ %Wfr~~ &. ftC

n CALDC*W Q CQ* V01 MCA
I- IL V(AZU I. a'( 1 *0. = 3v-

o0a.b- Mh0L *300 - MWfta
0 IZ ft f cKC .J a.. toa:oo %MZ- =4 % oma ) I

U- mC00JO'4 ob *4UI-I- x -N
t- W , *Z 4av.3 LL * Co NA

". *-QW-.JNCVU-- 1% 40

CL %ell- xC CL =0 - 0.S4 9% 1--i a% *04 c- 
Z L- f.% q* %6- W %J *- . *4- 830

C0.S.40,4U-I-I- .CwflZ3-Q 1--OW 04" owcc 1
ZUlb-mcao6-6 - 06"4.J3-00.OU-E ' 0 " o

C ZZ(.D)I-4%C% *O-41-oS-)a oW--~-' V-4a
MMMOZI-i N 0 '~L"Wz-0 "%C W % I-- CW1 00-

= %.- 9m co .4%W * .
%"I-W OI- *0L = f - 1- W - o C L

w 000c

B- 15



NAC-821 36-60

U)

+ 0p

94 I-
4.- 0

N* C

CV)- 4 x0% 0M 0 o9vl

=I I- 0.c

0.1* )4 C -4 . C) C
S') I-I U) 9* 0

-K QW: 9* 3 ii0 *
0." * L "ON* C 'e m

a." NW i* 0V-1)) 0 061
9* 0 3 I 9M m -u CO- C a-. M Ib

O9* I- N ~ 9 % -0*.- U9

I* * I- m* 9 I- V4 I' - IW)

~ C 95 C' ue CK Q 39* CCqQ
U* ag m-- 3%Q:CK 9* CK c49*~~~MO ~ w a C 0 9 9 a.U)on)

C9O 0W -*-C XC * * E-CUU..1-')W* 9* 16 0 * 3ho9* Ili- 3C o ~ ~ IA.' 5

9* *O C O O 0* 0 Q -L .OXa-...*o a.f "i-eQ
9*~ ~ ~~ .1O.. 0 a-W 9 Z -- u.I . *,If9* ~L 09n4 Ln J) 9 a.X IO C.9 -

-' 9 WZ~ - .9* * 9* ZE )' *~~B-16O



NADC-821 36-60

14

00-4 11 -4O0

0-4 * 1- 40 -WC.

040000- 0 ob

14* * Ca.

6-*cc6 0
00 6-4" 1--1-

wq6-l Z*0%'~ *6

-" 9*w*0 -Z Mo*Z
-e ~ 0 M -=6 0Z0 * C

S0*0*0. we- 9* *eO140 10
s~WOMO C.L- o* *6- -4 %* %W4

09*~~4wlw 9906 a" * O-q
B-4 =.*(moo0 040 * * "M4

"- 40040 -. 'OC') 9*CIQ-~0
0 L (O I--* v-4 "* C Wl. =0.* ~l

.I0* **C z -0 "*WW V4-Io MOMW~W.. '~%'.40140)"wo - *14X14 6-014

.b C..0 o- I- C xm M ( CAfw 4b4*
'W.JO*0*ox "Q9 90a 1(-%deZ606 ftWes

- V4 La.0 t- 0 0 6-00
WW+"4*"*= WC.0 "of.- N440cZI-ZC Mm

Z~'= F*'6-Z-U LA "JC = Z'w
*9W-6*.*X I C* 0 1%- abO0 0C qC- UMr')

mlAMM* 6- fbX 9 "=M -U,4U 6-CUZ'A LO.*Z6 Z L0W 9*00 %V "~ *1' *W q

ma0.1-4*14*1a a.0c14 9*00 WcWICJ~LC owc 1

L&W30*0*La. -- M= "mm 14 ommo Mo
14Q00.*m4 &-I &,U. 0 4*00 4, ~.IU6LL3LL3LL. Q 3LL.

* 40 4- *mW M~ 00 0 C') 0
*0 *0 CD) 9-a M. M1 W4 mU wI w 0
40 00 000 0 0

B-17



NADC-821 36-60

9*9* 9*
9*9* C*

9*9* 9c

W*9 w
9*9* 9*

9*b 9*

9*9 *WA9L U
9* 9* 0.94o

9*9* % 4 L

9*9*ll- j 1* - W Od o

M* 9* C- c9

W* M* 4b qb0 1-9U*

9*9 o" 09* (9*s coc 00 000

9*9* I- '- B-18



NADC -821 36-60

* ~*
CL ** 4
>- 4*

>.40

# * 4* w

( .4 40 U)
404 ft 00

-CC w4 *

404* x C0* 4

*0 L .u

405"CL0

s.D. 
- *h0 p U

MO4 " Q:a.ZC %%.o 4 -

1 06 94* 0 =c 4 * 40
IF- (AW1- 04* 4D CPb *MO-C 1- - XUS4 _0 10 1- - 49

exa 0) %* 0 3i Wq X
+ *41

N~Z4~ 0 ~ %W~ *+A$ CU 94*3 0 **
1-4 C0"\gw (A C C.) a- Lx' %ja 0* *a.2Q. "ft +U9 mc.Jv "440*J'4~~~f3 %C4WO %<* 4'(l0 gaUU *f

C0I-.W4 W " 4 <CW*** _q r-Q W ~ *4

:3 3d " w - -I I E -

0 0 4 * in U) U) *

B-19



NADC-82136-60

LA

LL-

*40LL.

LAJ

- .

:8-20



MADC-821 36-60

APPENDIX C

PROGRAM LOGIC

Program Page No.

Specific Excess Power C- 3

4,,Sustained Turn Rate C-13

Instantaneous Turn Rate C-25

Maneuvering Capability C-36

C-1



NMDC-821 36-60

(THIS PAGE INTENTIONALLY LEFT BLANK)

- C-2



N4ADC-821 36-60

PROORAN P5HELO( INPUT .OUTI'UT * TPE5.ZINPUT.,TRPElO .TRAE6.TW~e I
CONHON/FR N/INrN~iTf

DIMENSION CTAt1003.P66(D1000).XTASCl003.XALT(I003.
Y( tOO) .ITITLEC7I .XCA6C 1001

NANEL lET/D/NCA6 * HLT .OELCAS .DELTALT *IRTYPE .CPtRP VT IP .UNV.
CMI .ALTt .CTVAL .KAThGS .GPAC TOON .AOISI .TORPAC .PLIT,
ETAN.EYAP.DELFE.NPRINTTNN TCNRR.NUCTSU.XNSN.IPRINT,

* O~ELHP .eTNAX.*TRYDVS WBNTRNRT .OELTRT .ALTO.

PSKNAX

DATA IP.IR.10/10.5.I0/
DATA TORFAC.PLINIT.ThANoTCHAR.NUCT6M/0..1 .E6*0.o. .0
DATA PsIJIAX6O.I
ORTR ETAN.ETAP.OELPE/I *.1 * .. /
DATA XMSN*iPRINToOEL"P/lOO..O.O1
DATA THNvTCIIAR.NPRINT/O..l..O./

IREROt 5.0)

IF(EOFC )310,9

0

10

CONT. ON P9 2
C-3 a F 1
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9
CONTINUE

REAO5.l )ITZTLEl

CALL TREROC 1.XO.YO.lO=.FXYZI

I R IT(82 I NGLE

rPRlNIT( ZO-0mPS.G.NIUSY.ALT.CT.CPI .RHO.CPRO

MRXITECU*0)NCAS.*NALT SCASI .flLCA8.ALT1 .aELTALT. IRTYPE

CONT. ON P9 3

C-4 POt 9 F no La
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CTA(L )=CTVAL

0010 LT= ,NAL:T

IXALT( IT 3=FLOATC KNIT-I 3BOELTAI

rCALL ATHG6(KRITIO6.XFILT( tALT) .TEMPrR.PRE66Rt.RO.6K0MR.VSo3l

I'I

F
1Ff TORFAC.EI .0.3

T

00o TO

rP1111K 1=XISNaTORFAC

CONT. ON PO 4

C-5 F I
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ICf "..IOTXL(RTIC.OK

CNTMU INP

C-6 ~SF F
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'-Do I--*4 cI41.NCRS

X!S(CR63=FLGRTC fRiii)80ECAi1
XTRjlCR3=XCA6(CSj/(AIMmIN jJ

FF
IF(NRTh*4.EQ.O

T

CONT ON O

C-7Z =?Lj w 2nl
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NF

IFINUTSMNE01

-C L T - . - . .
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COMT114UE

C THIS SECT ION LORDS THE AWRAY IN THE'

C E2ZE OMTOF TRN

WRIT6.l7jMITITLE

WRZTEC6.1SIGFRC

IFORRT(4GFR~3H .Tll.FXO.O3-

MRZTECS.19)NRLt.LXALTCIRLT3IlRLTRl.NALTI

IFORRTC4RLT 6912(Ttl7F1=0-O)J

PRlTE16.21 )NCR6.(XCA6( WAS). ICAS.1NC

CONT. ON PO 6

C- 
e1
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EEI FRAC4KTRS oTe 9 2 tT 1,.7F10=.0 I

<, 00200 ALT=l .NRLT

NrZilTEC6.2S)NCR6.CPS6ClALT.1C963.ICASuI.NCAS)

EFORER!t4HPSs.oTtraT.l 7FI1lI

CONrZNUE

MWRlTE 6.263

FIzHLT/~O

CONT. ON PO S

c-10 ps a 12



JEtSCJCSNL7

I01

LIIRJTEC69801 3cXq'TCJ3 .J=qJOeJEI

9.06

CONTINUEI

IREAO( So )1

COWT ON PG 10

c-11 ~ 1
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C-12

PO 10 FINL~
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PROGRAW SUSTURN( iNPUT .OUTP'UT.*TAFE5= INIPUT .TAPE107 .TAE6.

01"ENSZ10N CTRCZOO).PSZOOTCZOOdtO3.XTR6(IOI.XALTllOO.v
V( Z00)@ZTlTLEC7).XCA6( 200)

NANELZ6T/0/KCR6 .IRLT .OELCAS.OELTALT *tAT WE .CP lAP.YTIP .I3IV.
CARt .ALTZ .CTVAL.KATNO.GFRC.TOON.AOSK.TOWRC.PLlNIT.
ETAN .ETM.oDELFE.NPRZNToThAN .TCNAR.NUCT6U.XN6N.
IPRINT .OELHP".CTNAX .TRVOoV.YS.TRNRT .OELTRT .RLTO,
PGINAX

DATA ZP.ZR.Z0/l0.S to/
DATA TORFAC.PLZNKT.TWAK.TCH4R.NMUCT6N/0..l .ES.0..1 ..0/
DATA ETAN.vEFAP.ELFE1 .2 ..0./
DATA XN6N.XPRlNToGDELHP/100..0.32.1741 .0/
DATA PSIWAX/60./
IREROL0 ) 1__ _ __ _ __ _ __ _ _

IF(EOF(5 1310.9

0

CONT. ON PED 2

C-13 pa IP 12F
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E 21
CONTINUE

I-REAR(5.1 RITTLE

CALL TREAO( 1.XO.YO.ZO.FXYZ"

NRITEC8.23 ITITLE

IPRlNTC 10.0 3

PRINTC l0.mPS0OT.G.UVoiRLTCTCPIRO

- - j -RUmCZ012M.71O3

MEZITEC S.. NCAS .NALT .CAS1 .ELCAS .ALT1 .DEL1ALT *IT

CONT. OI PO 3
C-14 PQ 2 OF I
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NV=KNTCUNY 3

CTAC L 3CTYAL

XALTC KAILT 3=FLOATC lRLT-1 NOEL-TALT

rCALL ATHOS( KATNO6.XALTC tALT) .TEgRPRa"RE66R -RHO -S0IN .6N03I-

tXOATCutrEHPR-491 .605o./9S.

I FTORFOWC.EQ - ..

T

rLII T=XtlSNmTOR=FRC

CONT. ON PC 4 P iC- 15 ~1



t4ADC-821 36-60

ICLLTLOKIOXOToXLTIRT)O.TUK

CONT NUEG

C-16 ~ F

f *:** .- -. . .ltlT
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00 too icaslNn

XCR6( lCAS)FLOAT( WARS-i )wOELCA6+CR61

F
lF(XCAS( lCA6).EQa.)

* XCASC ICA6)IX.E-O

rXTf6ISC VS)uXCASCICR5)/tSIWR)mm.S

IF
IITMNE..

T

PMRZ=PNRuTNIRNaEXP( TCIIAtlmXAS( M R6) .qOELMnPXTRS( I CR6)

CONT. ON PG S
C-17 ' I

*IL
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PWNtlPL iNIT

VM ZCRSI=XTOSC WAIS)E W. 69/=VT!P

CPK .5mOELFE.vc lEns n3/( aDKSK.ETRN.ETAPJ
CPREQxCPZRP-OELCFRt

CW.L TLOOKZ1I.CPRE.V(CMA6.O-.CT)

~F
lF(CT.LT.O.)

*TT

CONY. ON PO 7
C-18 B F i



MADC-821 36-60

rOFRCzCTORHODAOZ$KNVT IPmm2/TOON

KSZGN=O

IF(OFAC.LT.O. 3

T

OFAC.GUAC

F
IFtGPAC.GELT 3

T1

CONT. ON PC S
C-19 PO 7 FZ
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'iF

PSIOOTttAL1.ICA6)z-'610T( IALT.1CA63J

PSZOGYC IRLT .ZCRG)u OutGFACust-1 )us -SiXTA6C 1C96)u1 .511)1167 .2157I

FF

T

PSWOGTC ILT.tCAS)=-P6100T( IALT.tCAS)-

CONT. ON PO 9

C-20 PQAO
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41
CONTINUEI

F
lF(lPRZINT.NE.03

T

f'RlNT(li0.31 IPtIDOCCZLT, ICFS83.OFAC.V( ICAS).
XCas ICAS) .XALT( ZALT) .CT.CPZRP.RHO

5 .3 --- .0
CONTINUE

ITHIS SECTI ON LORDS THE ARRY in THfE

ORTA IT/OOTF

1WRITECS. slopA494
CONT. ON rG t0

C-21 F i
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rF-ORIAR(4"GFAC.S" I.TIl.FlOO

lMRZtTECS-1lS)NALT.CXALT( ZALT3IAILT=1 .NALTI

E!ORLRT(4ReTT6l2,T ,7FIO:-G=)

MNRZTE(6.2l )NCia6.XCASC lCR6).CA6.Z.NCAq63

ELFlRNTTS.T.2.tTl .7F0)3

<00 200 Rr.NK >

MRITE6.*2311N6.CPslOorc LT.1CA63ICMsl.CA6

to0- -- 0 0 1
CONTINUE

NRlTE(6.253

CONT. ON PO I1I

C-22
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c R CHI INPUT ON TRPES

FC=NiLT/i9lt

<00810 faizZ. N

MWRITECS.Soi 3(XALTC J3.JwJOoJE3

4o
* 4 E. ATInVELALT *.SFI.01

CONT. ON PG 12

* ~C-23 Pa 1SF i

~~ .~~~. % ' ;*~~~.\. :- .z- .Q . . . . i. .* .i ~ ~ -
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NRZTECS.8001CXCA6( I .(PS WOT(J.I 3 J=JO.JE3) I

EIFORITG13.51

CONTINUE

RERC Sea)]

C-24

PQ 1 INAML
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CINSURN

PROORRH INTN(NT GTPUT TRP5=INT TAPEIO TAPES#

COUION/PRINT/NPFINT
COIMhON/IOUt4TS/tPoR.1ID

IMENSION CTACCO.P6IOOT(lO0.1003.XTA6ClOO3.XALT(1003.

ZTZTLEC7) .ARRRYC2OI .XCA6(10OO)

NANELZ6T/O/NCA6.NALTOELCA8.DELTALT.IATYPE.CFZRP .VTtP .IUtV.
CR61 .ALTZ .CTVAL.KATNO6.GFAC.TOON.AOI6K.TORFAC.PLUIITo
ETAN .ETAP .ELFE.NPRINTTWAN TCHAR .NUCT6N .XNSN.
tPRINT.CTNRX .TRYO .YB.OELWNT rRRT .OELTRT .ALTO.

DATA IP.IR.ID/1O.5.lO/
DATA TORFAC.PLtnIT.TnAN.TCHARR.UCTSMa/O..l.Eso.o.../
DOT ETAN.ETRPELFE/l..l..O./
DATA XNoIPRKMToG/100. .0.32.1741/
DATA PSINAXISO./
REMS #0O1

ZF(EOF5 1310.9

CONT. ON PO 2PQIO

L~ff~jL~XA~l5 Iil............C-25 ~1
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9
CONTINUEI

[REAO(5.1 3ITITLEI

FcrnI. ton I'

ICAL TRE~flXOO.D.XYZ)

MRTE(Go ITTLE

MPRINT 10.0

JUKITEC S em)NCA .NALT .CNS1 * LCAS .ALTZ .OELTALT.*IRITYPE

COOT. O P
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NV=ZNTCUNY I
L=l
CTA( L )CTVAL

- CTxCTA(L)
ARRAYC 13.4
RRNYCZ1I.

00 too IALTUIaUM.Nor

CALL JARLT3.FLORTILT-lImOELTARLT

ARL TNOS(KATNO6.XALTCIALT3.TENP. 66R.O.6IOIN.VN)

**W.=CTNRXUN@UAO6KVTIPNNVT

lXCA6( iCAS 3=FOAT( icn-i ImOELCARiAS

CONT. Off po 4

C-27 a nor
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IXC96( tICMS ):.: .E-6

XTRS( CS=CSICAS3/(6IOIAIm.

4;:

CONT. ON P0 S

C-28 'I
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4..4

XXXzl..C1.CC .GPA~m)mm5-.3

T

IPSIOCT IT( ZINLnt.IXXCASaP6T( IC~lT.1M)l6.9

4'IN-Q1

.44

C-29 ~
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R

41
CONTIMUE

PRINT( 10.31 )PSIDOT( ZALT#ICA6) OFRC*CThAX*XCAS( CNO) .XALTC ZALT) CT.CPIRPRNO

CONTINUEI

CONT. ON P0 7 s2ar 1
C-30 a P 1
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IAM(101=0.

O RRYC 41XTASC LI
R RRAYC5)XTASC L.1)

IARRAYC S )PSOOTC IRLT .L I

PRiGYC lILT .NC ti3= L,

rP 6PTILTGC.ARWV.XltlAS(NC S Kl I

* *4GCC~oE*O
4T

CONT. ON PG a

C-31 P7f IW
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A7

.4-. CONTUE

I 0MNT1NUE

C 1THI6 SECT ION LO MOS THE A M V IN THE

I RITE(6IS 810W

rom t HA 1,11. 10.03

I RJTE 6.lS )HALT*(XILT( ILT) ILU RTI1

CONT. ON PO S
C-32 0O nor LL
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rFOMR~t4TA6.T6.l2.CTll .7FI0.03 3

00 20 ILT=.NALT

IMRITE6.ZSCS6.P6IDOT IALT .ICR63 *ICASmI .NCRS)I

CONT PUE

I RZTEC 6.25)

IC AC" INUT ON TAPE$

CONT. ON re to
C-33 ~fP I
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JUaJEil
-~ JE=NJING( JO8SNALT)i

00 810 i=:iNCi>

EEOMUVEAZLT 009F13-O3

I RTE( 8.80 )(XcCK)I.(PSIOGC oJI I J=J@.JE) I1

1069 - --

CONTINUE

CWNT ON PO 11

C-34 PQ 10 OF
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4,

*1q

'1

.,4

C-35
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PRtOON IIANEU(IWNUT.GUTPU TTrEStNrUT TAPE 10 TAPEfs.
TAPE39*TAPES)

OZNMMSION P66C75.75).XTASCl00).PSIDOT(100).TR(75).VIl00) .ITLE(7) .XCAS(100) .RAO(75.75)oOFRCT(75.75)

NANL1T*OINCAS .NLT oDELCAU .OELrLT. KATYPE CIRP .VTip .1v.
C06 CA~iLTI oCTVAL .KATNO .UC .10GM 01K .TOPAC PLZII

- I ~ETAK .tETAP oDELFEoNPRIN1THN .TCHA .NUCTWM v M PINT.o
OEoCTNAX .TRtVO sVS ALTO1 vNTRNRT *DELTRtT e TIMZ

DATA TORFACo.PLINIT.TAAN.TCN.U6/0.F.B.0.l.0/
OMETAN.ETAP vELFE/1el#.

OAT XNSN4PRINT.OELWA010.0.0i
OHDAABNTRKRT.OELTRT.ALT0/S.1741,24..@I *to/
DATA TRT/.1/

IP(EOPC53 310.5

'IAIM

10

CONT. ON Pe 2

C-36 12 tP 1



sr,.
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W2

CONTINUE

IREAOt5.1 IITITL

I

E3

FURITECO.2)ITITL

LPRINYC 1O~m3'PS.O.NU.V.ALT.CT.CPI .Rt3O.CPR

MRITE-CU8 a NCAS.oNTRNR1.-CAi ~.OELCRSTRTI .oELTRT 9IATYPE

CONY. ONe 3
C-37 aN F i
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* CALL ATNO6CKATHO6.ALTO.tEHR.PRE65Rt.RHO.6IGHA.V6NO3I

XORTCU( TEIIP-491 .69 )m5 .1
CTl=OFACmTOOWI( HRtIS1KmVT IPmmZ 3

PlF(TORFRC. 0R0A1

CALL TLOOKC 1O.XOATC*RLTO&O.&=TORK3

I FR=TORKmTORC

CONT. ON PO 4
C-38 air 6
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ER4.

CSIMGT 60 PS S

T-9

1PRPI"T1

0............MO~ .0- * 0-. - * . .. 3/f *~4t~ F -fu I

** ~ *. o, ~ 0~ .. *~ * * 0 *
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XCRS( CCROIFLORT(CR O-toELCR6.CASI
IXTA6( ICRS3=XCRGSC 3/6SIfluu .5

OFACT( IT RT.C s~u___________
((P$lOOTC ITRNRT3mXTASC TCA63m.02S47S/Om1 * 3*.lm.5I

I roZarURNAEwlP TCHR.XTAC IWAS) I .OELIIP.XTAS( ICAS I

corir. u r s

CONT.. ON a

'P C-40



:777 77,7 777 
-N .

a'-. *NADC-821 36-60

P61
ICOTIrNUEI

CTCTZUOPARCT(ITRRTelcall)

CALL TLOOK(9.CT.V( WAS)o .&.CRQ)

lRLTLOOKCS. (ICARS).T.O..CPREI)

IDELGru'R.s.OEIEuV( IC ).mi/( AgSK.ETAR.E1AP

C41
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NRO( lTRHT.ZCA6).l S.657.29578uXTASC ICA6)/P6IOT(ITRT)

OFACYC RTRNRT.JCRGIM-2.O

T

PRZN~TC10.31 JP6 ITRNRT.ICAS3 .OfACT IlINRY.ICRO)
.Y(ICAS) XMhSIA)o.PSID@TC ITENRYT CT .CPIRP,.R"Oo CPREA

-5 04 - -- to

ICONTINUEI

C 11115a ION LOM H M YIS "
C RMSUME FORWIT OF rREMo

C-42 0 F I



p7

NADC-821 36-60

K.~i IW I~io

rFW~f(4GFRo3HleTtlel.O.Ol

1 RITE( 6 191NTRNRt.(PGlOGT( I INRT) I ITRIIRTrt .NTRWTRT)

IMITE 88.21 n1cnd'RstIc") Ic"Mua.NCAS)

<,DO W ITMTU.NTRNRT

MITECS.23)NCAS.(PU(ITRNRT.13ICR. .NCAgl63

CONT. am S

C-43 ps INa
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CONTINUEI

rFORMT ~ iN Is0 M

Do 10 R11

400 90I-

CONTO ON Pe 10

C-44 
g ,I
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bUIZTE(S.SOl 3(PSaOrCTJ) .JzJOJE)-

lFRTmE/L m.SFI3.51

MRlTEC 8 SOOI XCA6( I t OCJvII*Z J

gem9 - --

ICONY! HUE 1

* ~~~MRIYE(S.231T!TLE ____________

-h NAI~W~ TEC S.. NcAS NTRNRT .CA~i ODLC"6 .RTlv OELTY *KTPE

CONTNNre i

C-45 l 1

4.*.* * * - .. .I* .. . I
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1% INOJOsg

LI-LO!!6* t.MTNNR>

I RlTE(S.Ul J(r6L QTJ).JwJO.-JEI

f ORT 1001s.3 -

CONTINUr

CON. pN it
C-46 OL LA., i
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NADC-821 36-60

.5c

I IMRTE892)1ITLE
NTRNRTNTRNRT-1
NRITEZ S..)NCAS .wTMIAT CASI .ELCM .PSIOOU 2) .OELTRT eIA;TYE

E INOW .NTRNRt)

co I lwwoNhoI

Sim

COTONPO 1

C-7 
ait9
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r.-7

pal
FORHAYtaVEL/RLT *.9F13.5)

-a,..--- IIRTELS.S00)(XRC2 13 fROJI3 JJOJ

121- -- CI90
CONTINUE

C m m uum mum uum~m .m __________________

coosom.1

* Zen

'I.F

CU006 ON IC 14 A

C-a8P 3fP1
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TR( ICRS3zGmtC(MRIXam2-1 .1on../(XTAS( KCAS~Zl.68933
M57.29578

ITZT=4ffiACH

MRITECS.55l 31T17.NCA~o1 .XCAS 13 .1u1Q.NCA6I
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